ABSTRACT
INTRODUCTION

1
One of the most challenging elements in urban freight analysis at present is the indirect 2 shipments, which is defined as the shipments that go through one or more logistics facilities underscoring the enormous role indirect shipments play on everything from congestion to carbon 7 emissions. Understanding the decisions regarding the selection of transshipment points is highly 8 relevant to urban freight planning and policy. For example, the growing discussions about logistics 9 sprawl, "the movement of logistics facilities away from urban centers" (1) , come from the concern 10 that such trend would move the transshipment points to the outskirts of urban areas, and thus lead 11 to an increase in truck travel. However, the lack of data and demand analysis tools have hampered 12 the rigorous examination of the relationship between the spatial distribution of logistics facilities 13 and transshipment patterns, which affect the lengths and the number of truck trips.
14 Integrating the logistic element in a freight model requires the understanding of practices 15 and decision factors that affect both the structure and the operation of "logistics chain". In our 16 view, the decisions regarding the operation (e.g. selection of transshipment points) are distinct 17 from the physical system (e.g. number, size and location of logistics facilities) in practice, although 18 they are often treated interchangeably in the existing freight models. These two different sets of 
28
While logistics facility location choice has been studied in the past, the understanding of 29 the choice of transshipment locations is rudimental at best especially for the urban portion of the 30 logistics chain. While determining the optimum locations for logistics facilities is one of the major 31 topics in the field of operations research, modeling tools and behavioral analysis that capture the 32 transshipment decisions are limited. This research strives to address the knowledge gaps by 1) 33 analyzing the factors that affect the selection of logistics facilities for transshipment in an urban 34 area, and 2) develop and evaluate the models that can be used to estimate the truck trips associated 35 with transshipments. The framework described in this paper partially overlaps with trip generation 36 in the classic four-step model in the sense that the result can be used to estimate the number of Metropolitan Area. The ULLTRA-SIM is a modeling tool to evaluate the logistics land use policies 42 for their effects on logistics facility location choices, shipment patterns, and traffic impact. 
INDIRECT SHIPMENTS
1
The objective of any freight shipment is to move the goods from the origin to the final 2 destination, and the transshipment points that the shipment passes along the way (e.g. logistics 3 facilities) are often treated as if they are nodes in the network. As such, the decisions associated 4 with the transport chain, including the selection of logistics facilities, are often estimated based on 5 the cost minimization framework (e.g. shortest path). In contrast, we will analyze the selection of 6 logistics facilities using the discrete choice modeling framework to capture the effects of the 7 characteristics of the facilities and the surrounding areas. We extract the records from a large 8 freight survey conducted in the Tokyo Metropolitan Area (TMA) to focus on the shipments that 9 have at least one trip end within the TMA and also go through at least one logistics facility (i.e. 10 indirect shipments). As noted earlier, 43% of the truck trips recorded in the survey meet the criteria.
11
For our analysis, it is helpful to distinguish transshipment points from the origins and the 12 destinations of shipments. Hereafter, we will define the beginning and the end of the entire logistics 13 chain (e.g. a farm to a grocery store, a factory to a store, etc.) as "production" (P) and
14
"consumption" (C) trip ends, respectively. We also call an external trip end P if it is the origin of 15 the inbound trip, and C if it is the destination of the outbound trip. This definition does not 16 distinguish between the transshipment points outside of the study area and the actual origins and 17 destinations of logistics chains. Meanwhile, the trip ends at the logistics facilities within the study 18 area will be called "generation" (G) for outbound trips, and "attraction" (A) for inbound trips. A 19 and G can be the trip ends of a shipment leg between a logistics facility and an origin or a 20 destination (e.g. from a farm in the external area to a distribution center in the study area) or 21 between two logistics facilities in the study area. In this set up, external trip ends must be either P 22 or C, while internal trip ends are A or G if they are transshipment points, or P or C if they are at 23 origin or destination locations. Figure 1 depicts these definitions.
24
It is important to note that since we have reliable truck trip data and our ultimate interest is 25 road traffic impact, we choose truck trip as the analysis unit. Therefore, the movements of goods 26 between origins, destinations, and logistics facilities are represented in terms of truck trips. In this 27 setup, a logistics chain is represented by two trip ends at the origin and destination of shipments, 28 a production (P) and a consumption (C), and for indirect shipments, include one or more 29 transshipment points that serve as both the attraction (A) and generation (G) trip ends (see Figure   30 1). 
1
FIGURE 1 Trip ends and truck trips of indirect shipments
LITERATURE REVIEW
4
As discussed in (2) and (3), an increasing number of freight models, either proposed or 5 already in use, are taking logistics elements into consideration. Those models vary in the level of 6 data aggregation, scale (urban, regional, national, international), the unit of analysis (shipment-7 based, truck-based or mixed), and the supply chain and logistics elements that are considered.
8
There are significant differences in the manners in which the elements such as the decisions on 9 trading, transportation channels, shipment size and delivery/pick-up frequency, vehicle touring, 10 and/or delivery/pick-up time window are integrated in the models. However, the models that EUNET (the Trans Pennine Corridor, the UK), the selection of the logistics facility locations is 17 taken into account in the main structure through the transportation chain generation that follows 18 the estimation of the flows between production and consumption locations (i.e. P-C flows) (4-7).
19
The recent extension of the SMILE model details a methodology of transport chain generation (8).
20
Using the transportation survey data for heavy goods vehicle operators in Netherlands, they 21 develop two sub-models, "gravity model" and "logistics chain model", for estimating freight 22 traffic demand. The purpose of the logistics chain model is to generate trip links from P-C flows.
23
The multinomial logit model is used for the choice among direct and indirect shipments, which is Planning (10-11). Though it is limited to food retailing companies in Germany, Friedrich (12) 5 develops a national scale model (SYNTRADE) that consists of "supply path decision" and 6 "warehouse structure decision"; the latter simulating warehouse locations based on P-C flows. In 
ANALITICAL FRAMWORK
25
Each indirect shipment has a P, a C, and at least one pair of A and G. As shown in Figure   26 1, the locations of P and C can be either outside or inside of the study area while the logistics 27 facilities, and thus A and G, are within the study area. The numbers of As and Gs for a particular 28 logistics facility are not necessary the same. For example, if shipment consolidations are performed 29 at a logistics facility, As would outnumber Gs.
30
The problem to be tackled is as follows; given the locations and quantity of P and C and For the analysis presented in this paper, the input data such as the locations of logistics 1 facilities as well as the locations of Ps, Cs, and also As are taken exogenously from the survey 2 data. In practice, the number of As and Gs are typically estimated using economic indicators and The independent variables considered in the models are summarized in Population density of a 1km-by-1km polygon where a logistics facility is located.
Land price -Average land price of a 1km-by-1km polygon where a logistics facility is located.
(log transformed)
Acce. est. + Accessibility to relevant establishments = ∑ exp (− × log( )) where:
: no. of relevant establishments in location (a 1km-by-1km polygon) : network distance between a logistics facility and location (a 1km-by-1km polygon) : impedance factor (=0. on trip type (see Figure 2) . MG1 is for the internal trips between Ps (at the origins) and As (at 6 logistics facilities), while MG2 is for the internal trips between Gs (at logistics facilities) and Cs
7
(at the destinations). The third group, MG3, is for the trips between two logistics facilities in the 8 study area. For MG3, the numbers and locations of As are exogenously determined based on the 9 survey data and the model pairs them with Gs since that is sufficient to determine the truck trips 10 between logistics facilities. The MG4 and MG5 pair the Ps and Cs associated with the origins and 11 destinations located outside of the study area with As and Gs. MG4 is for the inbound trips (pairing 12 P with A) and MG5 is for the outbound trips (pairing C with G). The models in the MG4 and MG5
13
would capture the selection of the logistics facilities for inter-regional shipments.
14 15
FIGURE 2 Target truck trips of five model groups
Define that is a P, C or A of commodity group and is a logistics facility that handle Assuming that the random component follows Gumbel distribution, the probability for a 9 logistics facility to be paired with an when is the set of all logistics facilities that handle 10 commodity , is:
For MG1, MG2 and MG3, the deterministic component is defined by the following 
24
In this setup, the pairing of trip ends is modeled as the selection of logistics facility instead 25 of individual A or G. For example, in MG1, for a given P of a specific commodity type, the 26 likelihood of selecting a logistics facility (and thus any As at the facility) among the facilities that 27 handle the commodity is being estimated, instead of selecting specific A to pair with.
29
MODEL ESTIMATION RESULTS
30
Using the maximum-likelihood estimation, a total of 30 models were estimated (five model 31 groups with six commodity groups). It should be noted that, while various implications are 32 obtainable from these estimated models, the characteristics of the estimated models or coefficients 33 could not be summarized in a simple manner. Due to the space limitation, we focus on the 34 performance of the models and the observed characteristics that we consider most insightful.
36
Internal Trips associated with Origins and Destinations (MG1 and MG2) 37 First, the estimated models in MG1 and MG2 are shown in residents. Also the shipments to the customers tend to be under a greater level of delivery time 6 window constraints, and congestion associated with density may also be a factor. Furthermore, the 7 significant effect of "land price" indicates that facility costs are important to the facility choice for 8 deliveries to the destination. Finally, the dummy variable, "dum port", show that the preference for the logistics 
Internal Trips between Logistics Facilities (MG3)
19
The estimated models for the trips between two logistics facilities are shown in Table 4 . is quite strong for food, but not observed for machinery and chemical goods.
26
The results also show that the facilities in the port area and the areas along Ring Road 3 27 are popular for most goods, especially for machinery, but the effect is negative for daily goods.
28
For food, the facilities in the port area are less likely to be selected, but those along Ring Road 3 29 are highly desirable. Positive effects of "dum port" for raw materials, machinery and chemical 30 goods parallel the results of MG1 (Table 3 ). The preference for the port area for transshipping 31 those types of commodities can be explained by the historical development of the area for heavy 32 industries that include the presence of supporting infrastructure and facilities that accommodate 33 the movements of bulky and/or hazardous commodities.
34
The negative effects of "dum port" and "dum rr3" and the strong effect of "acce. est." for Table 5 shows the estimated models for the external trips. McFadden's  2 s are relatively 5 modest compared against the earlier models. It is especially notable that the coefficients for the 6 "Dist. to BD", which is the distance between the logistics facility and the nearest border point of 7 the study area, is considerably lower in magnitudes than those for the "Ship. Dist." variables from 
3
For mixed goods, most of the independent variables are significant with the expected signs, 4 and many of them show stronger effects than for the other commodity groups. Especially for the 5 outbound trips (MG5), the combination of low population density and high population accessibility 6 is very important for the choice of logistics facilities. 
REPRODUCIBILITY OF THE MODELS
9
Using the Monte Carlo method, we checked the reliability of the models by analyzing how because the variations between alternatives may be insignificant.
10
In this research, we propose and test a new approach to analyze and reproduce the urban 11 freight movements that use logistics facilities for transshipment at the metropolitan scale. The 12 logistics facility choice models described in this paper are based on the understanding that the 13 decisions regarding the infrastructure development, e.g. locations of logistics facilities, is distinct 14 from more short-term ones associated with the routing of the shipments through logistics chains.
15
The models were estimated using the disaggregate data, reflecting various factors that have not 16 been considered in the past studies.
17
The proposed modeling approach successfully captured the effects of facility and land to handle certain type of commodity, may be a factor.
28
While the strong contribution of shipment distance for intra-metropolitan truck trips 
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